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Introduction 43
During the last three decades Chinaś industrial development and intensification of 44 agriculture and livestock production have greatly increased the concentration and 45 deposition of atmospheric reactive nitrogen . Since the 1980s, 46 atmospheric Nr emissions have more than doubled in north and southeast China 47 following 30 years of strong economic development ) and current 48 atmospheric Nr deposition are still very high (Pan et al., 2012; Xu et al. 2015) . Total 49 nitrogen deposition of 54.4-103.2 kg N ha -1 yr -1 have been reported (Luo et al. 2013) 50 in the North China Plain and up to 35 kg N ha -1 yr -1 in a remote oasis area of Xinjiang, 51 northwest China (Liu et al. 2011; Li et al. 2012) . 52
Rapid intensification of agriculture in response to the increasing demand for food 53 has led to increased use of mineral fertilizers in China which is one of the main 54 factors responsible for high regional Nr deposition (Ju et al. 2009; . 55
Also along with the increase of transport, animal breeding and energy extraction, 56 more pollutants swarm into the atmosphere and constitute the main source of 57 atmospheric wet and dry nitrogen deposition. Therefore, there is a complex set of 58 circumstances for the distribution of atmospheric nitrogen deposition in China due to 59 the huge regional differences and rapid economic development (Huang et al. 2013; 60 Bureau of Qinghe Country. The precipitation samples were collected manually once 156 per month at the six sampling points and transferred to plastic bottles and 157 subsequently stored in a refrigerator at -10 °C until analysis. We also sampled snow at 158 the beginning and end of the snowfall period to combine the snowfall data and 159 calculate winter wet N deposition. All samples were analyzed for NH 4 + -N and NO 3 --N 160 (inorganic N) concentrations using an AA3 continuous flow analyzer (Seal Analytical  161 Ltd., Southampton, UK). Wet deposition of inorganic N was calculated according to 162 Luo et al. (2014) 
NH 3 and NO 2 collection and N calculation 167
Atmospheric NO 2 was collected with passive samplers using Gradko diffusion tubes 168 (Goulding et al., 1998) . The NO 2 samplers consisted of polyethylene tubes (71.0 mm 169 long and 11.0 mm internal diameter) with two caps and stainless steel mesh disks. 170
Two dry disks were placed in the caps and 30 ml of a 20% aqueous solution of 171 triethanolamine was pipetted into the gray cap. The samplers were suspended at 1.5 m 172 (at least 0.5 m higher than the canopy height) above ground and exposed between 15 173 and 30 days in the air every month. The disks were extracted with a solution 174 containing sulphanilamide, H 3 PO 4 and N-1-naphthylethylene-diamine 175 dihydrochloride to estimate the NO 2 concentration determined by colorimetry at a 176 wavelength of 542 nm. NH 3 samples were collected using ALPHA passive samplers 177 (Adapted Low-cost High Absorption, Center for Ecology and Hydrology, Edinburgh, 178 UK). This equipment included a tube, a plastic filter and a membrane (absorbed citric 179 acid) and was placed approximately 1.5 m above ground. For the NO 2 and NH 3 , we 180 collected the samples one month one time. The cropland and mountain grassland 181 samples were collected from June 1, 2014 to May 31, 2015, and the plain grassland 182 samples were just collected in growing season due to harsh environmental conditions. 183
The calculation was made according to Luo et al. (2014) The membrane of PM 10 consisted of a glass fiber and it was placed in an incubator 200 at constant temperature and humidity (22°C, relative humidity 50%) for 24 hours 201 before and after sampling and weighed on an electronic balance. Finally, the samples 202 were placed in beakers containing 50ml ultrapure water and ultrasonicated for 30 min. its maximum value in June and similar values in other months (Fig. 4) . 246
Atmospheric NH 3 concentrations 247
The NH 3 concentrations in the air collected over cropland was highest in all land use 248 types whereby CC had a maximum NH 3 value of 7.41μg N m concentrations of CC was three times higher than for MC in a whole year (Fig.8) . 
Atmospheric dry and wet N deposition 299
Dry deposition includes gas emissions and particulate Nr deposition (Shen et al. 2013; 300 Granath et al. 2014; Maaroufi et al. 2015) . In our experiment CC had significant 301 higher NH 3 and NO 2 concentration than the other land use types, mainly due to the 302 large area of cropland on the Chinese side of the border, together with the excessive 303 inputs of mineral N fertilizer, which likely led to large losses via NH 3 volatilization 304 and soil NOx emissions. Compared to MM, we found that the CM had a significant 305 higher NH 3 concentration from June to September than MM, which was mainly due to 306 more livestock and excrements in the mountain per unit area (p<0.05). However, 307 NH 3 concentration showed the opposite trend in winter in MC, which could have been 308 a as result of having more livestock numbers staying in the Mongolian mountain in 309 winter time due to the difference of traditional grazing practices. Except for NH 3 310 deposition, the MM had higher NO 2 depositions than the CM grassland, probably as a 311 consequence of many herdsmen staying in the Mongolian mountain site, especially in 312 winter when large amounts of coal, wood and cattle manure are burned for home 313 heating from October to May. However, herdsmen in China move to the mountains 314 only from July to mid-September in summer, with very few people living there during 315 the winter. A similar explanation could be suggested for the wet deposition. 316
The monthly concentrations of NH 3 showed significant positive correlations with 317 temperature (P=0.009) but no correlation with either RH (P=0.491) or NO 2 (P=0.580; 318 Fig.10 ).This result was consistent with other findings, for example, a similar trend 319 was also found in Guangzhou in south China and in an agricultural catchment in 320 subtropical central China (Yang et al. 2010; Shen et al. 2013 ). This suggests that 321 increasing temperature promotes the emission of NH 3 . Gaseous NO 2 was also positive 322 correlated with temperature but neither with RH nor NH 3 . This may also imply that 323 The effects of N deposition in the agro-pastoral transition zone are different from 336 other areas. Nitrogen deposition in agriculture areas is mainly affected by fertilizer 337 application rates (Li et al. 2012) . However, in the agro-pastoral transition zone, a part 338 of fertilizer applications, the seasonal migration of livestock (transhumance) leads to 339 the general distribution of large amounts of animal manures and which represents the 340 second N emission source. So in this study we found that the dry deposition had 341 higher percentage than wet deposition in agro-pastoral catchments in cropland. 342
However, a different result occurred in the mountain grassland with almost equal 343 proportions for wet and dry deposition which may be explained by higher rainfall 344 with low NH 3 and NO 2 concentrations in mountain grassland and relatively lower 345 rainfall with higher NH 3 
The uncertainty of the compensation point between the NH 3 emission and 367 deposition 368
The concentration of NH 3 in the air is susceptible to be affected by meteorological 369 and anthropogenic factors. On the one hand, part of atmospheric ammonia settled onto 370 the soil surface, And part of NH 3 volatilize from the surface soil. Therefore, it is 371 difficult to accurately estimate net NH 3 deposition under the conditions of this study. 372
In order to better estimate the NH 3 deposition value, it is common practice to calculate 373 the deposition velocity rate by means of meteorological factors to get the appropriate 374 deposition compensation point. In our study, the land use included mountain 375 grassland (alpine meadow), plain grassland and farmland. In the farmland, 5.0μg N 376 m -3 was assumed as the compensation point of dry deposition of NH 3 in the growing 377 season (Shen et al. 2013) , and 0 μg N m -3 was assumed as the compensation point of 378 dry deposition of NH 3 in the no-growing season due to low NH 3 volatilization. In the 379 mountain and plain grassland, 0 μg N m -3 was chosen as the compensation point of 380 dry deposition of NH 3 due to low NH 3 volatilization (Li et al., 2012; Shen et al. 2013) . 381
Except the NH 3 compensation point, the value of wet and dry deposition for different 382 land use styles had the interannual variation due to the change of cropland area and 383 number of livestock with climatic variation in local area. Beyond that, we observed 384 that N deposition was spatially very unevenly distributed, particularly between 385 mountain pastures and plain pastures. Nitrogen deposition was possibly higher next to 386 herdsmen's houses, roads or sheepfolds due to more pronounced NH 3 or NO X releases. 387
Farm-and grasslands are intertwined in our research areas. Therefore, much 388 uncertainly for wet and dry N deposition remain. 389
Conclusions 390
The agro-pastoral area around Qinghe (China) and Bulgan (Mongolia) differed in 391 atmospheric N deposition across land use types. The mountain grasslands had 392 relatively higher wet deposition reflecting much higher rainfall and Nr emissions. , 139, 49-58, 1998. 452 Granath, G., Limpens, J., Posch, M., Mucher, S., De, Vries. W.: Spatio-temporal 453 trends of nitrogen deposition and climate effects on Sphagnum productivity in 454
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